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Ln alrsiiv wodel made by the Gocdyear Ruihor Joempsny, was

£illed wish water and suspended from a Desm and the c¢elnrmations

D

f the envelove studied under the fcllowing conditicons!

{a) Both ovallonets empty;

(v) Forward ballonet rilled wiik air:

(c) Rear vallonet filled with air;

(d) Both ballonets filled -rith air.
J1ovographs were taken to record the deflections under each of
these conditions, and 2 study was made to determine the ninimum
nead of water necessary tc maintain the longitudinal axis of the
emvelcpe under these conditions. Additicnal photographs were talk-

: -

the model filled with air and after filling with water ve-

QO
ey

en
fore any adjustment of the suspension was made., The form of the
cro:s section when filled with water was obtained by vending a

neavy piece of fuse wire to conform with the surface and then bv
laring the wire on paper and tracing the shape. The effect of fill-
ing with water on the length of the model was also noted.

pparatus used. - As may be seen, from the following photo-

graphs, the model was suspended from a framework in front of a ver-
tic=1l screen cf cross section rarer having lines one inch agpart.

The tension in the cords was adjusted by screwing up the nuts on

™ *This report is a slightly revised form of the unpublished Report
\\\\ 422, Construction Department, Navy Yard, Vashington, D.C.



the 1/8-irnsh brass rode which ran through the oeam, as shovr in
the wnotographs. The lower ends of these rods were oent to form
nooke into which the cords were tiled.

Corditions_of Tss*. - S8ix cords on the erd, both forward and
reaT were Tun to a single ring and fastensd. In this test they
were run through tre ring in order to provicde for adjustment of
sach nord. The @ings wers held in place br a wire, which may be
3ezn in the rhotegraph, and which was fagtensed to the Vez, at ihe
end of the third ccrd from tlLe end‘on each side, Whern filled with
water ar umwward forcs Tas ererted nsar the stern at +he rosition

oocupizd by the rudders and fins on tlhe alzehir

3

The weight of ths
fing ané rudders on the fuli-size airship is 480 pounds. The

forces =zcting on the model are times taose on the full-size

30. 18

sirship; hence this upward force was nmade 5%3%;, or 15.8 pounds.
) <

Tnie Torcs was measured dv supporting a stick at its middle on =
knifs edze and hanging a weight of 15,9 pounds con one end; while

{rem irc othser end, as is shown in the photographs, the stern of

tre molel was suspendsd., It will be noted

o

has the moment exerial

-

by tais force, sending to tip the stern up, 1is
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that the stwess in the fabric chuced oy thic wmoment is trne same as
in the full-gize airsaiy. The flat sticks under the vand were
simply %o distrioute the force of the band in a way 8imilar tc *lat
1n ~hich the force of the firns and radders is distributed in the
fuli-size airship, and to preveant the tand wmaking a deep indenta-
ticn in the wodel.
The entirs apparatus wae mounted on pietform scales in order
c dstermine the change in weight under the various .conditions.
The rressures used were measurad by manometer tubes, as grown

in the photographs, and were as follovs:

Przssure of air (air filled) 19 1/2 in, water
" " water (water filied) /4 © " (approx.)
" " air in forward ballonet 20 n "
" " air in rear ballonet 20 " "

" " ajir in both ballonets
(used together) 15 "

The precsure of the air wher air-filled was rade 19 1/2 inches
becauge about this pressure was necessary to sitraighten out the
wrinkles and give the mocdel a fairly smooth appearance. It was as-
sumsd that the same »ressure would hold the vtallonets in shape,
and hence it was used. Due to a leak in the connections when both
ballonets were filled the pressure had drorpred to 15 inchnes when
the picture was taken. This was considerably in excess of the
water pressure on the outside of the ballonets, hence they must
have bezn completely filled in all cases. One-quarter of an inch
of water was used as this was the smallest amount that would indi-
cate with certainty that the model was filleds A slight change in

ir nressure, occurrad consiantly, due to the cooling of tre

the

w



2ir after compression and also as o result of leaks caused tre
waser level *o saange sligasly, wecuizing thet 2 slight head be

aessd To maks sure stat the nead did not btecome less than zero.

3

“hab tre fabric in the mncdel might take the Torm of

<

thet in the full-size airship, a quarter-inck head, equal to a

nerease of a 1/4" in the vertical distance from tcp to
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bostom of the envelops, was taken as zero nead.

Correction for Readings on Cross-Section Paper.- The lens of
the camera was kept at = constani distancs of 200 inches from ths
socresn, measured in the path of the light. As the distance from

the axis of the wmodel *tc either scresn was © inciaes, the actual

_1

ansicns of the model mav be determined for any point on it by

ion on the cross—sectiocn raper and reducing it
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by the ratio -§Qi~: = ,855, If a greater accuracy is desired, a

correction fer the inaceuracy of the paper should be made; the ac-
tral width being la~§ inches instead of 20 inches., The orrec-

tion lengthwise will be by the seme ratlo, of course.

DIGCUSSICON OF PHOTCGRAPIS.

Filled with Air.- Fig. 3 shows the model filled with alr and
waz the first one taken., The model hed stood for several days
Jilled with water, and it presents a ruch smoother aprearance than
when (irst filled with air before standing filled with water. It
was found necessary in order to bring the model %o a horizontal
position to support nearly the sntire weight by the cords furthest

tc the rtight of those which avpear vertical in ths side view. The



other cords were drawia up a8 far as possible without causing anv
-pyreciabls tensicn.

Fig. 4 shows the mocel
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1iled wita water (
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£11124 with water, no adjusimens i She cords having been mads ai-
sar taking protograph, Fiv! 7. T+ will be noted that the stern
nad sagged mors than the Prow and there was an off-set in the axi
urder the rear end of the belly band. 1Tho vertical ccrds toward
~he rTear ore too tizht, cavsing a narrow section to show {rom &
top view. It is net ouly the cords walch tock the wzight vwhen air-

-

[N

£:1led, nomsver, =rat wers too £irht as those just acead of thern
appear equilly siressed, “he foremost of the couds passing throug!
+ha rear ring caused an indertation and for this reason thsy were
removed fron the ring before the rext ricturs was tazen. Thz in-
Aentations around the hallonet valves were due to tae fact that the
sords attaching the balloneis to tre onvalope wzre too short. ihe
wavy appearance of taoe sidas was due te the scam anrd ot cf thsse

aves Gid not extend much Leyond the SO&T. The waves in the veily

yord Sock She fori saown accidentally, snd d4id not indicate that

osition of tre ring to change' Nos. 1 and 3 were taken ur 2bcous
1 inch: Yo, 5 was let out about 1/4 inch. The rear sords wers not
tightened mnre otecouse ol e woinkle vhich wegan to avrear juss

-

undsr their upner ends and dbscause tightening ther threw tae cerds,
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wnick arpearad in a vertical plane ir the plan, more aad more out
of %“he vertical., The axis of the model was, howsver, stralghtened
sonsiderably in thilc way ws vy b2 noted.

- Ballonct Tilled wath Auz.- The rrincipal effecs of
filling the forward ballonet with air, as shovn in rhotograph, Fig.

~

8, wes to tiv the Jorward end up and to broaden 1t, the broadening
veing chiefly due to the increasad tension in the cords holding
the ballonet. The medel at +he same tinre moved forward as is
shown by the increased inclination of the cords. Due to sore re-
culiarity in the lighting, the liauid in the tude did not register
claarly, but tle pressure was about 20 inches of watgr. The ten-
sion in “he rear vertical cords was incrsased, as is shown by tae
tendency to wrinkle on the sides under them

Rear Ballopst Filled with Alr.- Fillinz the rear bvallonet witn

air, as shown irn nhotograrh, Fig. 7, had the same effect as that
in protograph, Fiz, B8, except that it was at ths other end vwhile
the Gent under the team toward the rear end which disagreared in
paotograph, rig. 8, rsaypeared here. The cords in the middle sec-
tion swung 12 & vertical plane, those farthest forward taking the
greater tenslon.

Both Ballonets Filled with Alr.- In this condition, shown in

~hotograph, Fig, 8, tihe axis was in nearly the same position as
with beth ballonets empty, except that the stern was higher by
anout 1 1/2 inches. The cross—section at zach end when the ballc-

net a3 Shat end was fillsd wae of this form.
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It was notszd from o plan visw <hat the filling of eithesr of

22 Tallorets with eir distorted the stream iine form considerably,

Tozce Zxertad ov Baoslonzte i3 of Preper lMagniiuds.- That the

3

taoyanst of the ailir in trhe hallonets is of the proper nagnitude.
o

-

i.2., %:i—: times th= nsgative buovancy of the Lallonets in the
@]
[2il-size airship, is evident from the fecllowing reasoning. 4 oali-

lonzt Zrorm %he fuli-size al;s?lp irrersed in watsr would have 203

tizee the duovancy in the oprosite dirsction, but the ballonet in

the model has -m—:n~l-—«— times the volume ¢f the fuli-size =i
973 x 30.18

siiy »allenet; hence the force which it exsrts is

902 x 1 Sp—
€09 x 30.18  30.13

1

“irmes tZe force exertad by the full-size airshlp Dballonet; hence

o

the ratic 1s the sans as for the other forces.

Relation of Stresses in Model <o Those in Full-size Airship.-

The reason for making the model Eﬁlié scale was that under tails
L]

condltiorn the atress in the fabric when filled with water ie equal
to that in the full-size alrship when filled with hydrogen. A4
proof of thils is glven in the note following the data. The waishts
of the hulls, nowever, act in opposite directions in the “wo cas=s.
‘n the full-cize airship it causes no tensicn on the cords and in-
creases the tension in the fabric on the tor. In the model the

welght is taken by ocords and the stress in the fabric just outzsids

§ n

of the telly band is increased. This difference mav bz eliminais:

0]

2. mither tube fillzd with air inside the mocdel. IS ==

IS

inpossible to wlace this tubs inside this model, nowerver, withcul
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mzking an azsrture ir the envelcpe, which was not tncught desiravle
ror necessary ac the weight of the hull was very saall conrared
with the weight of 4the water, whereas in the fuvll-size airship it
is much greater compared with the bucyaney.

Action when Partly Filled.- In order to obtain additiona’ data

to aid in deciding as to *he vressure to be recommended, adiitiona’
tests were wmade as follows. Wate: was drawn from the water-fillad
model with ballonets empty until the tail collapsed, dus %o *he
rudder and fin weight. This occurred when the level of the water
Wwas about two inches bslow the inside edge of the belly band. To
oring it to this lsvel about 1/3 of the %otal welght of the water
was drawn off. On the following day this rar:t of the experiment

was reresated at which time the level was brought 3 1/2 inches below
the inside edge of the belly band before a collapse occurred. Tnis
difference in results is exvlained by the fact that when the model
is orly partly filled it is in an unstable condition. If for any
reason the water starts to run toward one end, that end becoming
heavy sinks while the other rises, and the water rushes to the lower
end. The first day that this part of the experiment was made, when
a level of two inches below the inner edge of th:s belly band was
reached, the water began to run forward and a collapse occurred,

The second day it started to run in the opposite direction, a crease
developing under ths rear filling valve whish became 1 1/2 inches
deep before the water began to run the other way and a ccllapse

ocecurred.
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ction of Rudder and Elevator Forces.- It was calculated that

s
one

Yo omilss fer hoar and with the rudder ast 300, the force ou

.

udders o a model of thie size would be about 3/4 of a pound,

v

arnd the force on the elevators would be aprroximately the same fov
this condition. iowever, as the other forces are 30.18 times
tiose, correct to scale, for a wodel of tris size, *he rudder arni
zlevator forces must be incrsascd in the sam3 ratio; hence a welghit
of 28 1/2 pounds was us3d to reprzsent the tofal pressure on the
rudders, and the same waight was used to represent the total pres-
sure on the =zlevators. The effect of hanging this weight on when

ith & head of 1/4-incn (tallonets empty) was tc deflsct the stern

¥

about 8 1/2 inches. When exaerted sidewise the deflecticn was abou

Ak}

onz foot. Under a head cf 10 inches the ceflection was about 3 i/
inches dovm and five inches sidewise,

Action with Rudder arnd Fin Vieiphts Removed.- 4 head of 10

inches was then put on the model, end the rudder anrd fin welghts
R

removed. The axis was not opent noticeapbly due to this removal, al-

thouvgh the inclinatio

S

was of course changed. Taz Lzad was then
decreas2a and the axis gradually bent until at one-insh read it

had tent so that the stern was about five inches lower than with

the 10-inch head, and it was also bent to the lsft about six inches

and there was a fold in the fabric on the left side and botitom about

1 1/4 inches deep under the: rear filling valve.

Change in Volume with Pregsure.- Urder the 10-inck head the

weight wae 4€7 pounds, arn increase of sbout 4 per cent in net

wolght over that Jor 1/4-inch head. However, thare would be a mmch
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znding a rLeavy fuse wire around the model. Thz trzoing thus oo-

2 .

Loedd

}

n

% wag thern rsduced by the pantegraph to the size showm

ot
o

lzure. £f2 noted rbove, the form when ths Hellonets were

R

was with a valley or the under side. as this was dus chisfly to
taz ballonet cords teing short and would not occur to ibe sams de-

by
bl

gr2:z in the full-si no repreduction of the cross seciicn,
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wien the ballcnets wers filled, was made.

CLonclusion.- From the above it gppears that any pressire sulifi-
cient to koe2p the airship full may bz used. No data was obtainad
which could be used to datirmine to what sxient the wind —<ould af-
fect %2 deformation. but it appears that a pressure of one insh

of waver would provids a guitable facter o7 safety, and therefrrs

L]

tois is the pressure recommended. Due to the negative buovancy o
the oallonetsz, a rressure of avout 0.4 of ar inch of watsr in ercess
cf the rpressure used on the hydrogen is nzcessary to egualize +ie
~ressure inside and out at the top of the ballonet. This differ-
ence between air and hydrogen pressurcs shouvld be increased to Trot-
20ly at least 3/4 of an inch to compensate for the veight of the

pallonet and for the tension on the cords.



DATA.

DIVENSICNS OrF MOnEl

Condition © Dimension

i1 Inches

Length -

watey filled, adjusted  f C1.

air Tilled : 61.4

‘_yater filied, nct adiusted: 61,1

O

froum specifications

i : ~
[~ VS ;< 3 . .
35, 18 ° 180 x 1 . 63.6

air filled, actual, . 13.4

Maximum from specifications

diameter 1 X : - =
—=—- X 31,5 X 12 . 1z, ;
30. 18 VT ee : <2
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Data ceorntinued.

VEIGHTS CF I0LZL
(Including Apparaius)

Pressure
in Hodel :

) Low :
filled :
Alr :
Vatsr

12 1/2 in.
1/4 1"
1/4 1" .
i/e "
/4 "

10-in, head :

Presssure T Uleden’
in Dalilonets in peiads

r.one 211
i : 475
Foruard, 38C ia., ¢ 4351
Rear, 20 in. 455
Botn 15 in. ¢ 439
none : 433

“ : 4230

Hi K 403**

*At point
2 inrzhes

**At noint

of colliapse,
helow inside

of cnllarse,

first tricl; level ¢f -vater
edge of boily band.

gecend trizl; level of water

3 1/2 inches %elow inside edgze of n2lly bard.

Weight of water which model should n

ed from displacemant

(77,0C0 su.ft.)

T

1013, calculiat-
riven in srecificaticns
"~ " r‘, v
7,000 x 83.4 _ 375 mounds.

30. 187

eight of watar actually held by model al 10-inch

Lead = 483 1bs., - 311 los., = 172 lhs.
3nort Proof that Stress in Fabric irn HModel Eauvals that in ruill-~
size Airship.- This nroof is based on the fact that in a model maae

exactly to scals throughout, the stress per unit arsa,

oer,

unit area of the 1iquid remains unchanged at all roints.

in any num-
is the seme as in a fail-sized airship, if the rressure per

This is

the case, however, that if the head oi the water is rightly chosen,

both rTressures are ths sam2 funstion of the height.

This necessi-
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3

tases in 2ddition trat the liquid used in thes rodz2l have a greata-
bucvreancy (rositive or negative) thar that used in the fvil-size
aivsihiv, and If the thickress of the fabric in the model be reduced
by whe ratio %, which is the scale of the model, the buoyancy of
the 1igquid usad 7ust be 1 times that of the hydrcogen, but if it
be not -educed, the cross sectional area of the fabris in any plane
is n +tizes as great as it should be to cause the desglired stress

a fluid naving & buovancy 1 tiirss thit of hydrogen. Hence,
in ordsr tc cause she siress in the fabwric of the rodel to ejual
that in the full-size airship, it is necessary to make the ducyancy
of tnz liguid 1n times as great as it would be if the thickness of
the fabric wews to scale. The ratio of the buovancy of the liquid

to be used, tc the buovarcy of hydrogen, i3 therefore n?. The

3

ratic of the buovancies of water and hydrogsn is €08, he scale to

- J
02 veed

B hl - . . . . -

s then —= ='_el—ﬂ The regative sign is not introduced
909 30. 18

in connaction with the buroyancy of water in air sinc

(=

(0]

the model was

D)

placed upside down, thus reversing the buoyancy.
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APPEWDIX
STEZNGTE OF CROW'S FIOT.

5 test was wade to delermine the strergth of a rmiow's fool
~uen 73 43 uszd to fosten the rores on alrshins and Jvraished LT
+re Goedrzear Rubber Company. The arrangerient of tas arcaratus vis
ag s.ovwn on Fiz. 2. The small ropes of the crow's [oot were fes-
ten2d to tre flcor by means of a rope, and the fabric pulled up~
vard by means of a chain hoist. Suspension scales betwecn the
crow's foot and the hoist were used to determine the force exerted.
The arparatus was tried without the wcod framowerk atout the iron
vipes at first, and it was noticed that the middle fingsre were tak-
ing by far the greater part of the load due to bending of the rip=.
In oréer that all four fingers migh® t2 stressed t¢ moTe rnearly

the same degree the weod frame was made so that 1% surnorted the
pipe at all voints, and with a piece about 1 3/4 inches by 3 1/23
inchee aczrcss the back, as shown in the rear view to prevent the
ends being bant toward each other. Howsver, even with this arrangs-
ment, it was noted that the two middle fingers were under greater
strese tvhar the others,

1135 pounds which gives, when the welgns

jon
&
ot

Failure occurre

sf the frame is subtracted, oractically 1120 pounds. The fibers
of the rope nzld securely, and it was only the fabric at the ends
of these fibsre which gave way.

Teste to detarmins the sireangih of small crow's feet (akout

inches x 5 1/2 incres) wers :lso mede. These were cenented tc ths
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£aymig of tha Larxe crow's fnot, and weights applied unsil falluvzsz

tg vere wade and failure occurred a2t the fol-

O
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7]

Yo. of Test 1 2 3 4 5 8
in iks.) 190, 190, 183, 183, 203. 180, I£J
Averags Load = 187 pounds.

m ~3

(9]

The time taken on =ach *est, except No. 7, was abeut 10 mimues.

Ia Yo, 7, a load of 16Q rounds was put on and l=ft for abtout 20
minutes, in order to ascertain roughly if tlue was an important
factor. In this test practically all the sirands cf the cords Pull-
el cut, whareas in 211 of the other tests, ercert No.6, only rart

o them pulled out while the others broke, the mumber which broke

varying from 1 to 3.
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A
Fabric spliced along l(
{

tnis line., Fabric on
other side at 45° to i
1

this.

Fig. 2.

_Fastened to

Rear view

Seot.ﬁ§3

Fabric
. <2 cemented 4,
N : A0
< ; tc iron Ly
pipe -

ber on both sidss.
rope fibers were betwsen
thig and the wider pisce
.. on top.

rope™~_ Rope fibers

"Point of failure

Tloor

Scale approx. 3/4" = 1'.

Arrangement for test of crow's foot.
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